The present study seeks to investigate the bleaching of palm oil with activated plantain peel ash (APPA). Concentrations of β-carotene, iron, copper, lead, and phosphorus in the crude (unbleached) and bleached palm oil were evaluated. The peroxide value, anisidine value, acidity and colour of the oils were also determined. The objectives were to assess the bleaching performance of the APPA, compare the performance of APPA with that of a commercial natural earth (Pure-Flo Neutral B-80) and investigate the effects of particle size of APPA and APPA/oil ratio on the bleaching performance of APPA. The results indicated that APPA significantly decreased all the investigated characteristics apart from acidity. Results also indicated that Pure-Flo Neutral B-80 slightly performed better than APPA under the same experimental conditions.
Introduction
In the purification, decolourisation and stabilization of vegetable oils, the bleaching step is a critical step. Bleaching of vegetable oils is important for producing a light coloured oil of acceptable quality. This improvement in colour is due to the removal of organic compounds such as carotenoids, especially β-carotene, and their derivatives, xanthophylls, chlorophyll, pheophytin, tocopherols, gossypol, and their degradation products, which impart undesirable colour to the oils (Griffiths, 1990) . This removal is usually achieved by adsorption of these colour pigments on to an adsorbent (Liew, Yee and Nordin, 1993) , for which, the most widely used are activated clays.
Though activated clays are efficient and effective adsorbent for bleaching, attention is currently directed at agro waste ash as alternative adsorbent (Proctor et al., 1995) . Plantain peel is a waste product from plantain, Musa paradisiaca. The peel finds application in local soap production, especially among rural dwellers in Nigeria. However, this industry has suffered greatly in recent times with the emergence of the modern soap industry. Currently, the peel is disposed of either by burning in the open or left in the field to decay. Both disposal methods contribute to environmental pollution. Hence, bleaching of edible oils with plantain peel ash merits investigation in order to combat environmental pollution. The plantain peel ash can also serve as a source of foreign exchange for any nation.
During the bleaching process, phospholipids, soap, and trace metals are also removed in addition to the colour pigments (Mag, 1990) . Moreover, free fatty acids and oxidation products such as hydroperoxides are removed during bleaching (technical document Oil-Dri S.A., France). Removal of these substances is essential in the refining of oils as it improves the stability and the sensory quality of the oil (De Greyt and Kellens, 2000) . The aims of this work are (i) to study the effect bleaching with activated plantain peel ash (APPA) on the colour, β-carotene concentration, acidity, peroxide value (PV), anisidine value (AnV), concentrations of copper (Cu), iron (Fe), lead (Pb) and phosphorus (P); (ii) to compare the bleaching performance of APPA with that of a commercial natural earth, Pure-Flo Neutral B-80; (iii) to investigate the effects of particle size of APPA and APPA/oil ratio on the bleaching performance of APPA.
Materials and Methods
Materials The crude palm oil was obtained from the Nigeria Institute for Oil Palm Research (NIFOR), Nigeria. The plantain seeds were obtained from a local farm in Benin City, Nigeria. The commercial natural earth, Pure-Flo Neutral B-80, was obtained from Oil Dri S.A. France. β-Carotene of HPLC grade (>95%) was purchased from Sigma Co (St. Louis, USA). All other chemicals used were of analytical grade supplied by Fluka Co. (Buchs, Switzerland).
Preparation of activated plantain peel ash (APPA) The plantain peel, which was obtained from the plantain seeds, was cut into small pieces with a knife. The cut peel was airdried in the open field until the moisture content was less than 7%, after which it was dried in an oven at 100℃ for 24 h. A total of 20 g of the peel was charged into an alumina boat. A furnace (Gallenkamp) with flowing nitrogen gas (20 ml/s) was heated up. After furnace temperature reached 500℃ and stabilized for several minutes, the peel (in alumina boat) was loaded into the furnace for ashing. The boat was removed from the furnace after 1 h and was allowed to cool.
Ten grams of the plantain peel ash was mixed with 400 ml of 4 M H 2 SO 4 and the slurry was agitated at 250 rpm in a flask at room temperature for 60 min. After activation, the slurry was filtered. The filtered ash was then washed with deionised water several times at room temperature until the pH was 6.5. Thereafter, the ash was dried in an oven at 100℃ for 48 h. Then the activated plantain peel ash was sieved by means of Tyler standard screens to produce four different activated plantain peel ash batches of particle sizes 30 µm, 40 µm, 50 µm and 60 µm.
Bleaching of palm oil For palm oil bleaching, 100 g of palm oil was poured into a 500 ml round-bottom flask. The oil was agitated at 250 rpm and heated to 80℃ on a heating mantle. A vacuum of 7 mmHg was maintained during heat up period. The oil temperature was allowed to remain stable at 80℃ for a few minutes, after which 0.5 g of APPA was charged into the flask to form of APPA/oil slurry of ratio 0.005 g/g. Different APPA/oil slurry of ratios 0.01, 0.02 and 0.04 g/g were also prepared by charging 1.0, 2.0 and 4.0 g of APPA into a pre-heated 100 g of palm oil. The slurry was heated for 25 min; thereafter, the heating was stopped and the slurry cooled to room temperature in a water bath. The slurry was filtered to collect the bleached oil for analyses. Following the same procedure, the commercial natural earth was also used to bleach the crude palm oil.
Determination of β-carotene content β-Carotene content in the crude and bleached oils was measured with a Hewlett Packard 8452A diode array UV/vis spectrophotometer. The oil was dissolved in n-hexane and the absorbance of β-carotene at 445 nm was transformed to the β-carotene concentration through a calibration curve. The β-carotene was measured immediately after bleaching to prevent oxidation of the oil in air. The experiment was conducted in duplicate and the mean value reported.
Determination of physico-chemical characteristics The colour index of the crude and bleached oils was determination with the aid of a Lovibond tintometer. The colour of the oil was matched with a set of standard coloured numbered glasses, ranging in the scales from 0 to 70 red (R). Before measurement, oil sample was melted at 45℃ and thereafter poured into a 1-inch cell for measurement. For acidity measurement, the A.O.A.C. official method (1998) was used. The A.O.A.C. official method (1998) was also used to measure the peroxide value. Anisidine value was determined based on the N.G.D. Db8-1989 Db8- method (1989 . All analyses were done in duplicate and the mean value reported.
Analyses of metals and phosphorus Phosphorus, copper, iron and lead concentrations in crude and bleached oils were determined by atomic absorption spectrometry. The A.O.C.S. official methods Ca 18-79 (1998) was used for the analyses of copper, lead and iron. The A.O.C.S. official method Ca12b-92 (1998) was used to analyse for the concentration of phosphorus. The determinations were carried out on Varian spectr AA-20BQ plus double beam AA spectrophotometer with graphite tube atomiser. All analyses were done in duplicate and the mean value calculated.
Statistical Analyses Statistical analyses were conducted for each of the measured characteristics to determine significant differences between means. The analyses were conducted by means of T-test with the aid of Microsoft Excel for Windows package. The same package was used to analyse for Pearson's correlation between the colour and concentration of β-carotene.
Results and Discussion
The effects of APPA and Pure-Flo Neutral B-80 on some of the physico-chemical characteristics of bleached palm oil are shown in Tables 1 and 2. Also shown in Tables 1 and 2 are data for same physico-chemical characteristics of the crude palm oil. The experimental data in the tables shows a highly significant decrease (P<0.001) in the concentration of β-carotene as a result of the bleaching of the crude palm oil. Concentrations of copper, iron, lead and phosphorus, peroxide value, anisidine value, and colour also decreased significantly (P<0.001) as a results of the bleaching. However, the acidity of the oil was not changed during the bleaching.
The effect of particle size of APPA on the removal of β-carotene during bleaching is also shown in Table 1 . The data show that the smaller particles enhanced the adsorption of β-carotene, which agreed with the reports of previous investigators (Chen et al., 2003; Henderson, 1993; Morgan et al., 1985 and Richardson, 1978) . From the view point of diffusion, small particles may shorten the diffusion path of β-carotene to the pore surface for adsorption, thus enhancing adsorption of β-carotene. Although the small particles enhanced the removal of β-carotene, difficulty in separating oil from adsorbent may be encountered. The data also show the effect of particle size on the other characteristics; however, this effect was not significant (P>0.05). For instance, Tables 1 and 2 shows a gradual decrease in colour, peroxide value, concentrations of copper, iron, and phosphorus of the bleached oil as the particle size was decreased. Particle size was, however, found to have no effect on anisidine value and acidity. A positive correlation (r = 0.7478) was obtained between changes in colour and β-carotene concentration. This positive correlation indicated that β-carotene may be the major colour compound in the oil and so β-carotene may be used to determine the bleaching capacity of APPA.
Increase in the ratio of APPA/oil implies an increase in the amount of APPA used, which will provide more surface area for adsorption. Thus, an increase in the ratio of APPA/ Abbreviation: PA30, plantain ash of particle size 30 µm, PA40, plantain ash of particle size 40 µm, PA50, plantain ash of particle size 50 µm, PA60, plantain ash of particle size 60 µm, NE30, natural earth of particle size 30 µm, NE40, natural earth of particle size 40 µm, NE50, natural earth of particle size 50 µm, NE60, natural earth of particle size 60 µm and ND, not detected. Same letters are not significantly different from each other; different letters are significantly different from each other. oil should enhance the removal of β-carotene and trace metals while reducing acidity, peroxide value and anisidine value. Some previous investigators working with other agro waste ash and clays, as adsorbent, reported an enhanced removal of β-carotene and trace metals, and a reduction in peroxide value and anisidine value as a result of increasing adsorbent/oil ratio (Chen et al., 2003; Lin et al., 2001; Liew et al., 1993) . For instance, Chen and co-workers (2003) in their work reported that increasing activated rice husk ash (ARHA)/oil ratio enhances the removal of β-carotene from soy oil. Conversely, Rossi et al. (2001) and Rossi et al. (2003) working with activated clays as adsorbent show that increasing the adsorbent/oil ratio does not have significant effect on concentrations of trace metals, peroxide value and anisidine value during the bleaching of palm oil. The data in Tables 1  and 2 concurred with the reports of Rossi et al., (2001) and Rossi et al., (2003) . The results in the tables indicated that APPA/oil ratio had no effect on the various chemical characteristic determined. The same results were found with the Pure-Flo Neutral B-80, which shows that the lack of effect may not necessarily be due to APPA. However, Lin et al. (2001) and Chen et al. (2003) working with a different adsorbent/oil system, reported significant increase in bleaching capacity of adsorbent when they used similar ratios.
Conclusion
The performance of APPA in the bleaching of palm oil was investigated as well as the effects of particle size of APPA and APPA/oil ratio. The bleaching performance of APPA was compared with that of Pure-Flo Neutral B-80. The bleaching performance of Pure-Flo Neutral B-80 was found to be slightly better than that of APPA. This indicated the APPA may be useful as an alternative bleaching agent in palm oil refining. Furthermore, it was found that removal of β-carotene by APPA was enhanced by decreasing in particle size of APPA but not with change in APPA/oil ratio. The results of this study had showed that APPA could be used as adsorbent in palm oil bleaching and in other edible oils refining.
